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INTERFERENCE MEASUREMENT AND EVALUATION SYSTEM . 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an 
interference measurement and evaluation system, more 
particularly relates to an interference measurement and 
evaluation system for estimating a receiving line quality 
characteristic due to nonlinear interference, reception 
thermal noise power , leakage power from an adjacent 
channel, etc. in a cojmnunicatiou or broadcasting system 
using radio waves or optical communications > 

2. Description uf the Related Art 

[0002] Wireless communication systems mainly suffer 
from mutual interference not only between terrestrial 
mobile wireless systems and terrestrial fixed wireless 
systems, but also between Commercial wireless systems for 
space and mobile satellite communication systems. These 
mutual interferences include linear interference due to 
leakage power from adjacent or nesct-to-ad jacent areas or 
linear interference due to frequency shariny and 
nonl i.near interference where intermodulation distortion 
occurs due to high level interference power, in areas 
wh«rft t.hft ratvi Rfi areas* ar« broad and many systems 
coexist, the study of nonlinear interference has been 
becoming important. These are also present in optical 
communications and broadcasting. 

[0003] For example, in areas with a coexistence of 
wireless systems such as conventional mobile wireless 
communication systems together or a mobile wireless 
communication system, terrestrial fixed microwave 
communication system, and mobile satellite communi cation 
system, the line quality has been evaluated by the 
leakage power ot the linear parts of interf erenr** wavs?;, 
filtering at the receiving side, the 

modulation/demodulation snhprnifi, atr.. r but the nonlinear 
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interference has not been sufficiently evaluated. 
10004] Further, whilA the performance relating to 
nonlinear interference in a receiver by themselves and 
individual speci ti cations inside apparatuses of 
interfered wireless syslems have been known, there has 
never been a means for estimating the above 
specifications as overall receiver performance in a 
transmitter and a receiver system. 

[0005] Nonlinear distortion has been analytically 
verified in the past. In this, using mathematical 
algorithms and introducing the Lhixd-order intercept 
point input, level (IIP3) technique, the spread of an 
intermodulation product (IM) spec Lr urn by a modulated 
wave, the occurrence of an interference wave due to IM, 
and the sensitivity suppression have been studied (for 
example, see "Study of Nonlinear interference Theory 
Relating to Wide Band Mobile Wireless System and Narrow 
Band Mob.ile Wireless System", Journal of the SIAJ, EIAJ, 
RC52002-140, August 22, 2002, and "inteiuept Point and 
Undesired Responses", TBBS Transaction on Vehicular 
Technology, vol. VT32, no. 1, February 1983). 
1 0006 J Summarizing the problems to be solved by the 
invention, as explained above, in the past, sufficient 
nonlinear distortion was not taken against nonlinear 
interference, so there was the problem that it was not 
possible to analyze the cases ot occurrence of nonlinear 
distortion due to nonlinoarity of a receiver and power of 
the interfering wave, the frequency interval between the 
desired wave and interference wave, etc., so as to reduce 
the frequency of occurrence and deterioration of quality 
in the service area. 

SUMMARY OF THE INVENTION 
[0007] An object of tho present invention is to 
provide an Interference measurement and evaluation means 
for accurately estimating an interference characteristic 
of a receiving side including nonlinear interference for 
a communication or broadcasting system using radio waves 
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or optical communication* 

[0008] Another object ot the present invention is to 
provide an interference measurement and evaluation system 
enabling analysis ot the frequency of occurrence of 
nonlinear interference for a wireless communication 
system. 

[0009] Still cinuthex object of the present invention 
is to provide an Interference measurement and evaluation 
system using a nonlinear interference theoretical curve 
linked with a reception line quality characteristic for 
estimation of a reception characteristic under nonlinear 
intfirtftTflnnR, as*! mat inn ot reception thermal noise 
power i estimation of the ratio between a third-order 
distortion coefficient a 3 and tirst-order coefficient a 4 
due to nonlinear interference or third-order 
intRrmoriin ation (TTP3), or Rflt.1mat.1on of lAalcagA powAr 
from an adjacent channel etc. 

(0010] To attain thfi abovA objAot, according to thA 
present invention , there is provided an interference 
mAasnrAmAnt. and Avaluation ftystAm nompri s«d of a. 
transmitting means for transmitting a digitally modulated 
wave signal, a receiving means tor decoding a modulated 
signal from a modulated wave signal received from the 
transmitting means , and an interference characteristic 
estimating means for estimating an interference 
characteristic including a nonlinear interference 
characteristic by which the received modulated wave 
signal is affected from an interference signal for the 
received modulated wave signal due to the nonlinear 
characteristic of the receiving means , the interference 
characteristic estimating means referring to a level of 
the modulated wave siqnal received by the receiving 
• moans, a level of tho interference signal, and a 

nonlinear interference theoretical curve given in 
relation to a line quality of a modulated signal decoded 
by the receiving means and estimating the interference 
charactorictic including the nonlinear characteristic 
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posoooood by tho receiving means based on the measur d 
level of the modulat d wave signal, level of the 
interference signal, and line quality of the decoded 
modul a ted signal . 

[0011] According to this interference charac Leris Lie 
estimating means, the interference characteristics dim to 
a nonlinear interference wave of a receiving means in a 
communication or broadcasting system using radio waves or 
optical wave can be accurately quantized and estimated in 
advance, so it is possible to accurately estimate 
specifications from a nonlinear interference theoretical 
curve as overall performance of reception even when the 
performance of the reception system in a wireless 
communication system relating to nonlinear interference 
and the specifications inside an apparatus of the 
interfered wireless system are unknown, theretore 
possible to flexibly oetimate tho lino quality for a 
wireless communication system under nonlinear 
intorforonco envisioning a real environment and possible 
to take measures to prevent deterioration ot line 
quality. 

1 0012 j These and other effects are considered the same 
for an optical communication or broadcasting system etc- 
1 0013 j preferably, the interference characteristic 
measuring means estimate© the nonlinear interference 
characteristic possessed by the receiving means based on 
the modulated wave signal of the region where the 
nonlinear interference is dominant when the nonlinear 
interference theoretical curve satisfies a predetermined 
line qualiLy and based on the received level uf Lhe 
interference signal. 

[0014] Since it is possible to accurately estimate an 
interference characteristic including nonlinear 
interference possessed by the receiving means, it is 
possible to prevent deterioration of the line quality in 
wireless communication under nonlinear Interference. 

[0015] More preferably, the receiving means is 
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provided with a receiviny side intex fexed digital 
wireless means receiving a composite signal of a 
modulated wave signal from the transmitting means and an 
interference signal from the nonlinear interfering means 
and an error rate measuring means for measuring an error 
rate in the composite signal, and the predetermined line 
quality is a bit error rate free from an effect from a 
received noise power, free from an effect of leakage 
power » dominated by the nonlinear interference region, 
and measured by the error rate moaouring means, 
f 00161 since it is possible to accurately estimate the 
bit error rate poococcod by the receiving means, it is 
possible to prevent deterioration of the bit error rate 
in wireless communication under nonlinear interference 
condition. 

[0017] More preferably, the transmitting means is 
provided with a transmit Ling side variable attenuating 
means for changing the transmitted signal level and the 
nonlinear interference characteristic possessed by the 
receiving means is estimated by changing the transmitted 
signal level by the transmitting side v^ridblta 
attenuating means. 

[0018] Due to this, the received signal level changes 
in arnnrdanr.fi with a change* in the tranfuni t.t.ed signal 
level, the received level when the nonlinear interference 
theorRtical r.nrve relating to the rhange satisfies a 
predetermined line quality, and as a result the nonlinear 
interference character i stir: nan Ha accurately eeti mated, 
so the detrimental effect of nonlinear interference on 
the rarrfi iving siri« nan he accurately prevented. 
[0019] More preferably , the transmitting means and the 
receiving means are provided between them with a 
nonlinear interfering means having a carrier frequency 
different from a frequency region ot the transmitting 
means and giving a nonlinear interference wave signal 
having a non negligible level compared with the level of 
the modulated carrier transmitt d from the transmitting 
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means , the transmitting means is provided with a 
transmitting side variable attenuating means for changing 
the interference signal level, and the nonlinear 
interfering means is provided with an interfering side* 
variable attenuating means for changing the level of the 
interference signal, and the transmitting side variable 
attenuating means and the interfering bide variable 
attenuating means are adjusted to make the ratio of the 
transmitting signal level and the level of the 
interference signal constant and give it to the receiving 
side interfered digital wireless means / whereby the 
nonlinear characteristic possessed by the receiving means 
is estimated. 

[0020] Since the received level is estimated when the 
nonlinear interference theoretical curve, that relates to 
a change in the received signal level when thA ratio 
between the transmitted signal level and the level of the 
interference signal is constant, satisfies a 
predetermined line quality. As a result, the nonlinear 
interference can be accurately estimated, and the 
detrimental effect u£ nonlinear interference on the 
receiving side can hA accurately prevented. 
r0021] More preferably, the receiving means is 
provided with a rficp-iving side variable attenuator for 
changing an input signal level from the transmitting 
means and changes t.hp. input signal level so as to 
estimate Lhe nonlinear interference characteristic 
possessed by the receiving means, 

[0022] Due to this, it is possible to cotimate the 
nonlinear interference characteristic at any received 
signal level. 

10023] Still more preferably, the interference 
characteristic estimating means estimates a thermal noise 
power basAd on the nonlinear characteristic given to the 
receiving means based on the received signal level of the 
region where the rfineived thermal noise power is dominant ■ 
when the nonlinear interference theoretical curve 
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satisfies a pred Lermined line quality. 
[0024] Sine© the thermal noise pow r based on tho 
nonlinear characteristic; qiven to the receiving means can 
be accurately estimated, the minimum received level given 
by the thexiual noise on the receiving side is accurately 
determined without nonlinear interference, 
f 002 51 wore preferably , the nonlinear interfering 
means is provided with a frequency converting moans for 
converting a center frequency of a nonlinear interference 
wave, and the interference characteristic estimating 
menus estimates a received equivalent band limitation 
characteristic possessed by the receiving moans whon 
convex ting the center frequency of the nonlinear 
interference wave by the frequency converting means. 
[0026] since the received equivalent band limitation 
characteristic possessed by the receiving means can bo 
es Lima Led , it becomes possible to suitably set the band 
limitation characteristic of the receiving means, 
[0027] SLill more preferably , the interference 
characteristic estimating means estimates a leakage power 
of Lhe receiving means based on a received signal level 
of a region wherR a l«akage power is dominant when the 
nonlinear interference LheoreLical cuzve satisfies a best 
line quality. 

[0020] Since it is possible Lo esLiraaLe Lhe leakage 
power of the receiving meanR under nonlinear 
interference, measures can be taken to reduce the leakage 
power . 

[0029] still more preferably, the interference 
characteristic measuring mp.anfi in provided with a 
frequency converting means for converting a center 
frequency of an interference signal, and the interference 
characteristic estimating means finds a receiving side 
input level giving the best line quality characteristic: 
and its line quality based on a receiving side input 
levftl receiving line quality characteristic of the 
modulated wave signal for an offset frequency of the 
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interference siqnal when converting the center frequency 
of the int rferenc signal by the frequency converting 
means and the nonlinear interference theoretical curve 
and estimating the rocoived equivalent leakage power for 
the offset frequency of the receiving side as a whole 
ucing this. 

[0030] Since it is possible to estimate the leakage 
power of the receiving means even when the frequency of 
the interference signal changes, measures can be taken to 
reduce the leakage power. 

[0031J Still more preferably, when measured values of 
a receiving cido input level and a received line quality 
characteristic linked with the nonlinear interference 
theoretical curve are discrote , the meanc findc by 
approximation the receiving side input level giving the 
beet line quality characteristic and that received line 
quality and estimates the received equivalent leakage 
power with respect to the offset frequency of tho 
receivinq means by this 

(0032] Since it is possible to estimate the leakage 
power of the receivinq means in accordance with a change 
in the center frequency of the interference signal even 
if the measured values are discrete, measures can be 
taken to reduce the leakage power, 
r 00331 More preferably, the interference 
characteristic estimating means estimates the line 
quality characteristic of the receiving means with 
respect to an interference signal including a nonlinear 
interference wave of any frequency and of any level based 
on the nonlinear interference theoretical curve, a 
thermal noise power estimated given to the receiving 
Trmana bas^d on a received signal level of a region where 
the received thermal noise power is dominant when the 
nonlinear interference theoretical curve satisfies a 
predetermined line quality, and the equivalent leakaqe 
power . 

[0034] Since it is possible to estimate the line 
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quality characteristic of the receiving means for an 
interference signal of any frequency and of any level, it 
is possible to take measures to prevent deterioration of 
the line quality of the receiving means due to an 
interference signal. 

[0035] Prfifprably, thft interference characteristic 
estimating means estimates by approximation an 
interference character i fit. in including a nonlinear 
interference characteristic possessed by the receiving 
means based on a line quality of a decoded signal of a 
discrete receiving side input level versus modulated wave 
signal characteristic of a modulated wave signal measured 
over a range near the modulated wave signal Irani a state 
whp.rft therR is no signal giving nonlinear interference to 
the receiving means to a state giving nonliuear 
interf firfinnA. 

[0036] Since the interference characteristic including 
a nonlinear interference charactsri stir possRRSRd by fch« 
receiving means is estimated by approximation based on 
the discrete measured values of the received l«vel of hhft 
receiving means and the line quality even if there is no 
signal giving nonlinear interference to the receiving 
means , the limitation on the frequency of the 
interference signal is eased and estimation ot the 
interference characteristic becomes easy. 
[0037] Preferably, the interference characteristic 

estimating moans ootimatce the nonlinear intorforonce of 
the receiving means based on a region where an adjacent 
power dominates and a received level of a region where 
the received thermal noise dominates in the nonlinear 
interference theoretical curve. 

[00381 Since it is possible to estimate a nonlinear 
interference characteristic of the receiving means even 
without measurinq the received level at a region where 
the interference power is dominant, estimation of the 
nonlinear interference characteristic becomes easy. 
[0039] More preferably, the interference 
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characteristic estimating means estimates the nonlinear 
intcrforcncc characteristic of the receiving means based 
on the nonlinear interference theoretical curve and the 
estimated thermal noise power even when the modulated 
wave signal and the interference signal approach each 
othor in freguency to an extent where the adjacent power 
increases. 

[0040] Since it ic possible to estimate the nonlinear 
interference characteristic of the receiving means even 
when the modulated wave signal and the interference 
signal are close in frequency, estimation of the 
nonlinear interference characteristic becomes easy. 
[0041] Summarizing the above , in the present 
invention, the nonlinear interference is expressed as the 
nonlinear characteristic of the interfered reception 
system by ^/^ x or tho intercept point input lcvol (IIP), 
the third-order distortion of the receiving 
characterictic is linked with the bit error rate (BER) ac 
one example of the line quality from the interference 
leakage power from a 3 /a 1 or the intercept point input 
level IIP3 and the reception system thermal noise, 
estimation of the a 3 /a x or the intercept point input 
level IIP3 of reception as a whole, which was difficult 
to quantize in the past, is made possible, provision is 
made of a means for more accurately providing the line 
quality under nonlinear interference from the estimated 
a a /a x or IIF3, and a good line quality is made possible, 
[0042] The above explanation was mainly made regarding 
a wixeless conununicatiun system, but the invention can 
also clearly be similarly applied to a communication 
system or broadcasting system using light. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0043] These and ulhex objects and Ie<a Luxes of Lhe 
present invention wi 1 1 her.nmp clearer from thft following 
description of the preferred embodiments given with 
reference to the attached drawings, wherein: 

FIG. 1 is a block diagram of the configuration of an 
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interference measurement and evaluation system according 
to a first. embodiment of the present invention r 

PIG. 2A is a view of an example of a spectrum of an 
input signal (moriul atari wave signal) Input to a receiving 
means, while FIG. 2D is a view of the spectrum of an 
output signal output iroro the receiving means in response 
lo Lhe input signal shown in FIG. 2a, 

FIG. 3 is a graph for explaining the levels of a 
main signal, third-order distortion signal, and fifth- 
order distortion signal when the receiving side receives 
tit? input two siynals ol Lhe same level close in 
frequency, 

FIG. 4 is a graph for estimating an intercept point 
from the relationship between an input level and output 
level at the receiving side, 

FTG. 5 A 1s a view ot an example ot the spectrum of 
an input signal (modulated wave signal) input to a 
receiving means, while FIG. 5B is a view o£ the spectrum 
of an output signal for explaining an increase in 
adjacent leakage power due to an interference wave 
intermodulation product output from a receiving means in 
response to the input signal shown in fig. 5a„ 

FIG. 6 is a graph of an example of a bit error rate 
characteristic as an example of a line quality 
characteristic under nonlinear interference measured by 
using the interference measurement and evaluation system 
shown in FIC. 1 as a test system, 

FIG. 7 is a block diagram of the configuration of an 
interference measurement and evaluation system according 
to a second embodiment of the present invention. 

FIG. 8 is a graph of an example of the bit error 
rate characteristic under nonlinear interference measured 
by using the toot cyetcm shown in FIG. 7, 

FiG. 3 is a view of a thermal noise characteristic 
under nonlinear interference measured by using an 
interference wave power as a parameter, 

FIG. 10 is a view of a thermal noise characteristic 
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under nonlinear Interference measured by using an 
interference wave power as a parameter , 

fig. 11 is a block diagram of the configuration of 
an interference measurement and evaluation system 
according to a third embodiment of the present invention, 

PIC. 12 is a graph of an example of estimation of an 
equivalent attenuation of power of a receiving side when 
changing the frequency interval of an interference signal 
and interfered wave under nonlinear interference measuied 
by using the interference measurement and evaluation 
system shown in jj'ig. ii, 

FIG. 13 is a graph of an example of estimation of an 
equivalent leakage power of a receiving side under 
nonlinear interference measured by using an interference 
measurement and evaluation system shown in fig, l, 

FIC. 14 is a graph of the bit orror rate 
characteristic under nonlineax interference measured by 
ucing tho tost system shown in PIG, 7 , and 

FIG. IS is a graph of the bit error rate 
characteristic under nonlinear interference in a 10th 
embodiment of the present invention. 

DESCRIPTION OP THE PREFFBBKH EMROnTMKW'TS 
T 00441 Preferred embodiments ol the present invention 
will be described in detail holow while referring to the 
attached figures. Note that in the following explanation/ 
the same reference numerals indicate t.h* saitm filaments. 

First Embodiment 
[0045 J FIG. 1 is a block diagram of the configuration 
of an interference measurement and evaluation system 
according to a first embodiment ot t.hft present invention, 
Iu the figure, 11 is an error rate measuring equipment 
(transmitting Ride), 12 is an interfered digital wireless 
equipment (transmitting side), 13 is a variable 
attenuator for controlling the transmission output level 
of the interfered digital wireless equipment 12, 14 is a 
signal generator for generating a modulated signal of an 
interfered digital wireless equipment, 15 is an 
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interfered diqital wireless equipment (transmitting 
side), 16 is a variable attenuator for controlling the 
transmission output level of an interfered digital 
wireless equipment, 17 ie a hybrid compocition circuit 
for combining a modulated wave signal output which is 
output from the interfered digital wireless equipment 12 
and passes through the variable attenuator 3 and a 
modulated wave signal output which is output from the 
interfered digital wireless equipment 15 and passes 
through the variable attenuator 16, 18 is an intorforod 
diqital wireless equipment {receiving side), 19 is an 
error rate measuring equipment (receiving side), and 20 
is an interference characteristic estimating means 
including a nonlinear interference characteristic 
provided according to an embodiment of the present 
invontion. 

[0046] The error rate measuring equipment 11, 
interfered digital wireless equipmont 12, and variable 
attenuator 13 constitute a transmitting means 101. The 
interfered digital wireless equipment 18 and the error 
rate measuring equipment 19 constitute * a receiving means 
102. The interfered modulated signal generator 14, 
interfered digital wireless equipment 15, variable 
attenuator 16, and hybrid oomposi tion rirnuit 17 
constilule a nonlinear interfering means 103. 
[0047] The interference characteristic estimating 
means 20 may be realized by any control device such as a 
microprocessor . 

[0048] In the present embodiment r the interference 
measurement and flva liiation system is configured as an 
error rate characteristic test system having a variable 
attenuator 13 (transmitting side variable attenuating 
means) for making the power of the interference wave 
constant and changing the input level of a modulated wave 
signal given to the receiving side to the receiving means 
10? and measuring the error rate of a wireless 
communication line under interference. The interference 



18, Aug. 2003 1 7 : 36 A.Aoki, Ishiial 81-3-5470-1 91 1 



NO. 5438 P. 18/68 



- 14 - 

characteristic estimating means 20 utilizes a uouliaeax 
interference theoretical curve known in advance, 
establishes correspondence of the receiving side input 
level of a modulated wave signal and reception bit error 
rat* as an example of line quality as measured values 
with the above nonlinear interference theoretical curve, 
anri flstimatfts a nonlinear interference characteristic of 
the receiving side. 

[0045* j Note that the line quality characteristic is 
not limited to the bit error rate and may also bo a frame 
error rate, block error rate, pacXet error rate, etc, 
[0050] FIG. 2A is a view of an example of a spectrum 
of an input signal (modulated wave signal and 
interference signal) input to a receiving means 102, 
whilo ftg. 2R is a view of the spectrum of an output 
signal output from the receiving mcana 102 in response to 
the input, signal shown in j?'±G« 2a. m the illustrated 
example, for simplification of the explanation, the 
frequency of the interfered wave signal in the input 
aignal is the unmodulated f CJ , and the interference 
signal is a modulated continuous spectrum having as a 
center frequency and having a 2^ bandwidth , but the 
interfered wave signal and the interference signal may 
also be an unmodulated frequency or have a modulated 
continuous frequency band. 

[0051] The output signal spectrum, as shown in FTG. 
2B, shows the occurrence ol an interference wave having a 
bandwidth of ±2£ B1 about the basic frequency f cl of the 
interference wave and Lhe occurrence of an interference 
wave having a bandwidth of ±2f w about the frequently f ul 
of the side band wave of Lhe interference wave. FIG« 2D 
shows the interference bandwidth ±Zf mX due to the 
interfered wave siynal centered about the center 
frequency f w of the* i nf-prf erAncft signal. 
[00521 The ratio D/U between the output level D 
(desired) of the basic frequency of an output signal at 
the basic frequency and an output level U (Undesired) 
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expresses the deqree of interference distortion* The 
smaller the D/U ratio , the larger the interference 
distortion. The present invention provides an 
interference evaluation system for estimating the 
nonlinear interference at this D/u ratio. 
[0053] FIC 3 ic a graph for explaining the levels of 
a main signal, a third-order distortion signal , and a 
fifth order distortion signal in the case of receiving as 
input at a receiving side two signals of the same level 
with close frequencies. In FIG. 3, when the two basic 
signals (P m ) of the close frequencies f el and are 
input, third-order distortion of a level P M is caused by 
frequencies of 2f oa -f^ and af^-f^ and fifth-order 
distortion of a lovol is caused by frequencies of 

3f ca -2f oa and 3f el -2f^ 

[0054] FIC. 4 ic a graph for estimating an intercept 
point from a relationship of the input level and output 
lovol at a recoiving side. In FIC. 4, the line "a" shows 
the relationship between the input levels and output 
levels of the two baoic signals, the line "b" shows the 
relationship between of the output level of the third- 
order distortion IM (intermodulation) with respect to the 
input level of the basic signal, and the line °c" shows 
the relationship of the output level of the fifth-order 
distortion IM (iiitwriuudulation) with respect to the input 
level of the basic signal. If the levels of the two basic 
signals are simultaneously raised, the difference IM 3 
(see FIG. 3) between the level P^ of the basic signal and 
the level Pn« o£ the third-order distortion signal will 
gradually become smaller- The output of the receiving 
side in an actual wireless communication system becumes 
saturated as shown by the solid line in the figure , but 
if assuming that the output level increases linearly in 
proportion to the input level, the line "b" showing the 
third-order distortion will intersect with the part shown 
by th broken line of the basic signal. The output level 
at the intersection point is called the "third-order 
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intercept point output level 1 ' , while the input level is 
called the " thii"d-order intercept point input level". The 
present invention estimates this thirds-order intercept 
output level or third-order intercept input level by the 
infcerf ftrftnnfi characteristic estimating means 20. 
[0055] This estimating technique will be explained 
below. 

[0056] if expressing the baseband of an interference 
signal of an interfering means 103 (hereinafter called 
the "interfering side") by g(L), designating the in-phase 
component by I(t), designating the orthogonal component, 
by Q(t), and desiguatiuy tlits u<ii.xiex of the mobile 
wireless equipment of the transmitting means 101 
(hereinafter called the "interfered side") the 
unmodulated wave of the frequency as shown in FTG. 2, 
the input signal to the receiving means 102 (receiving 
side) is expressed hy equation ( 1 } • 

x( t )«v t - cos (27c± 01 t)+l(t)xcos< 2itt xA t)+Q (t)xsin(27if ^t) (1) 
where, 

V x : carrier voltage of mobile wireless equipment of 
intexfuxed side 

£ ea : carrier frequency of mobile wireless equipment 
of interfered side 

T(t): modulated signal voltage ot in-phase component 
of baseband of mobile wireless equipment of interfering 
aide 

Q(t): modulated cignal voltage of orthogonal 
component of baseband ot mobile wireless equipment of 
interfering side 

f e2 : carrier frequency of mobile wireiess equipment 
of interfering side 

[0057] Further, it setting g(t) = {I (t ) a +0{t )V /a and 
fl(t) ~ arctan{G(t)/l(t)}, this is converted to the 
following equation (2): 

xttJ-Vj-costajtfdtJ+gttJxcostZnfcjt+Ojt)) (2) 
Here, 
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g(t): modulated signal composite voltage of baseband 
of mobile wirolocc oquipmcnt of interfering cide 

9{t): phase of carrier frequency of mobile wireless 
equipment of interfering side 

[0058] Further, if expressing g(t) by the spectrum 
component, this becomes the following equation (3): 
g(t)^ZV a (k)xcos()c27cAf m -t+Ae k ) (3) 

[l<;k<nj 
Here, 

v 2 (k)s k-th modulated signal voltage of baseband of 
mobile wireless equipment u£ iutej.Iex.inq side 

Af w ; modulated frequency inLerval of baseband of 
interfering side 

AQ k % phase of modulated frequency of mobile wireless 
equipment o± interfering side 

Fm = nxAt m : maximum modulated frequency of mobile 
wireless equipment of interfering side 

[0059] If expressing the iriput signal nt the ror:ftiving 
side amplifier as x(t) and the output signal as y(tj and 
expressing the nonlinear characteristic by power series 
expansion, the following equation (4) is obtained: 
y(t)=a,x(t)+a a x(t> a -a 3 x(t> 3 (4) 
[0060] Here, a w a 2 , a 3 . . . are coefficients of power 
series expansion, and the sign of the third-order 
coefficient a 3 is made a minus sign from the saturation 
characteristic of the amplifier. 

[0061] When £^£^>2£ m by the frequency array shown in 
FiG, 2, the nonlinear interference of a narrow band 
mobile wireless equipment expressed by the unmodulated 
wave (frequency f oX ) is expressed by the sensitivity 
suppression of the output signal of the receiving side of 
the frequency f 0l , the power ratio (C7i 3 ) of the power C 
of the frequency at the output signal of the 
receiving side and the power i fl of the third-order 
nonlinear intcrmodulation component (maximum modulation 
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frequency 2f m ) ot the modulated signal of the broad band 
mobile wireless equipment relating to the frequency f cl , 
etc. Therefor*, the sensitivity suppression and the power 
ratio die es Lima Led as follows; 

(1) Estimation of Sensitivity Suppression of input 
Signal of Receiving Side 

[0062] If expressing the sensitivity suppression T| 
duo to nonlinear interference in dB and entering equation 
(2) into equation (4) , the unmodulated wave (frequency 
f cl ) component y tcl is expressed by the following equation 
(5): 

Yfcjrai v l " (2?tf c a t) -afrf/Z • ooe <2*f cX t) • 3/2 > cos (2ji£ cl t) xg ( t ) * ( 5 ) 

[ 00*3 J if designatinq the power of the interfering 
wave side as P a# r 2 its expressed by the following 
equation (fa): 
T 

P 2 .= Jg(t)* x cos 3 (2n f C3 t) /(T'R) dt (6) 
0 

where, T is the integrated time interval, q(L) is 
expressed by equation (3), and, when V Jd »V 2 (k) # 
P a «l/2-V 3 V2/R. 

[0064] Here, R is the input impedance of the receiving 
side. 

[0065] The relationship between the ratio of the 

coefficients a* and a x in equation (4) and the input 
third-order intercept point TTP3 is known in advance and 
may be expressed as follows; 

a 3 /a x * l/(3/2-R-IIP3) 
[0066] If designating the input impedance of the 
receiving side as R and normal i 7. ing the input powers V x 
and V, of the receiving side of the frequencies £ Ql and f^ 
by the input third-order intercept point 11F3, the powers 
I tl and I 4 , become as follows; 
I U -V A V2/R/(IIP3) 
I w *l/2 ■ V a V2/R/ ( IIP3 ) 

[0067] The sensitivity suppression is expressed by the 
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followinq equatioii (7): 

il~20xlog|l-I m -2-I i2 | (7) 

[0068 J The sensitivity suppression r| at the input 
signal of the receiving side for finding the nonlinear 
interference r.an he* estimated based on the third-order 
input intercept point IIP3 found from the received power 
(received signal level) and nonlinear interference 
theoretical curve. 

[0069] In place of the ITP3, it is also possible to 
use Lhe third-order output intercept point OIP3. Further , 
if it is possible to tind the coetticient ratio a^/a x by 
another technique , that may be used as well. 

(2) Estimation ot Power Ratio (C/I 3 ) Between Power 
C ol Carrier f cl at Output Signal of Receiving Side and 
Power of Nonlinear Third-Order Interference Wave Relating 
to That Carrier f^ 

[0070] The double modulated wavfi romponent of the f ul 
component of the output signal of the receiving side is 
expressed by thp following Aquation (8) from the third 
term of equation (5); 

yci-ai w -»3Vi-3/2-coc(27if cx t)xg(t) a (8) 
[0071] If using the value T tz obtained by normalizing 
the total power of the frequency f^ by the input third- 
order intp.rr.Rpt point iiel, the power ratio (C/l 3 ) of the 
power C of the carrier f^ at the output cignal of the 
receiving side and the third-order power related to this 
carrier f cl becomes the following equation (9)i 
C/l 5 «-i01ogUin a )+A (9) 
[0072] Horo, A is a constant determined by the 
trequency spectrum distribution of the interference wave 
frequency maximum modulation frequency, and 

equivalent reception band width (BW) of the frequency 

[0073] When the trequency spectrum distribution of the 
interference frequency is constant/ if entering 
equation ( A) tor g{t) in equation (8) and finding the 
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power/ the power spectrum component (P e a- n ) of the 
interference wave oxitput from the receiving side becomes 
the following equations (10) to (12); 

Pr.i-»~ ( -* 3 3 /2 ) 2 M Pci ) ' ( 2R • Pin/Fm ) 2 x | f a | /2 ) (10) 
-Fuu££ m <0 | 0^f^£ Fill 

. + (-a 3 3/2)*- (P cx ) • (2R.Pin/FJ 2 x(Fm-|f J/2) (11) 
2Fxa££ m < Fm | Fm<f w <2Fm 

+ ( -a 3 3 / 2 ) a x ( P C1 ) x ( 2RxPin/Fm ) *x ( Fm- | f m | ) (12) 
-F»£f 1 0<f rt <Fm 

[0074] If making the reception pass band bw of the 
interfered wave frequency f cl much less than Fm, from the 
power spectrum v 01 ^ expressed by equations (10) to (12), 
the power (P BW ) of the interference wave in the range of 
f 01 -bw/2<fm<f <)1 -t-bW/2 is obtained by integrating equation 
(10) to equation (12) . 

£0075} Normalizing the powers of the frequencies f 0l 
and f^ by the input third-order intercept point IIP3 and 
applyinq 

a 3 /a 1 ~l/(3/2'R*HP3) 
I«-?V 4 a /2/R/(IIP3) 
1^=1/2 •V//2/R/ (IIP3 ) 

to F wf the power I, of the interference wave output from 
the receiving side is estimated by the following equation 
(13); 

l^i-^/lXZl) 2 - (Pd) • (2-Pin/Fm) 2 x(FmxDW/2-DW 2 /16) 

(13) 

T 00761 The ratio (C/I%) of the power C, where C - 
(ajXV x )V3/R) , of the basic component of f tfA with ij 
expressed by equation (13) becomes: 

C/l a =-10xloqf 8xIin'x{BW/Fm/2-(BW/Fm)Vl6>l (14) 

10077] Tho constant A of equation (9) is 

A- 10xlog[8x{BW/Fm/2-(BW/Fm) 2 yi6) ] (15) 
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(3) Estimation of Error Rate characteristic 

a) QPSK Delay Detection Type Simplified Error Rate 
Characteristic is: 

BER=l/2xexp<~p/2) (16) 
[0078] Here, if the signal to noise power ratio is p, 
p«A 2 /2/50/a' (17) 
where, a 2 : noise power, As amplitude of carrier, 50 i 
impedance 

[0079] If the reception power of the frequency f eX is 
C and the sensitivity suppression is r\ f p becomes the 
following equation (18)* 

p=l/{l/(TT5-C/P w ) + l/(T r S*C/I ilC5 ,)+l/(T 1 *8*C/I 3 )> (IB) 
where , 

I^s loakago power affecting interfered wireless 
communication as calculated from interference wave power 
and reduction factor (irf) (i arp » irf x puwej. v 9 ol 
interference wave side) 

[0080] c/I 3 is the power ratio (truth value) of the f„ t 

component expressed by equation (15) and tho 

intermodulation wave component relating to f al . 

[OObi] ti is the sensitivity suppression (truth value) 

factor as calculated from equation (7). 

[00B2] 5 is the fixed deterioration of the bit error 

rate arising Hue to impertections in the 

transmitter/receiver (truth value), 

b) QPSK Delay Detection Type Error Rate 
Characteristic 
t0083] 

BK*=Q ( a , b) - xexp | ™- \i^ah) i 19 ) 



b = 7(1 + 1 / ^2) 
where , 
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Q: Marcum 0- function 

I 0 : O-th modification Bcsscl function of the firct 

kind 

Y^l/tl/tTl-e'Bfe/NoJi-l/tTTd'Bn'Eb/I^J + l/tiTe'Bn'E^/lj)) (20) 

E b ; energy per bit 

N 0 : noi ftfi powAr density 

I ACP ; leakage power affecting interfered wireless 
communication as calculated trnm i nt.prt ar snriR wave power 

and reduction tactor (IRF) (1^ ■ IRF x power P a of 
latex lex ence wave side) 



[0084] C/I 3 is the power ratio (truth value) of the f el 
component expressed by equation (14) and the 
intermodulation wave component relating to f cl component. 

Bn: rftcrftption fiqiiivalAnt noisa band width of 
interfered wireless communication 

T: time length with respect to symbol period 
k: amount of information (bits) per symbol 
t^: sensitivity suppression (truth value) factor ac 
calculated from Aquation (7) 

[ootibj S is the fixed deterioration of the bit error 
rate arising due Lo imper fee Lions of the 
transniittflr/rficflivftr (truth value) 

c) QPSK Absolute Synchronous Detection Error Rate 
Characteristic 
[00S6] 

BBR-l/2xerfc ft ( 22 ) 



y=l/{l/(T)*8*B„/N u )-H/(ti-5-Bn-E 0 /l A ^)+i/(T 1 -S*Bn*E l> /l3)} (?3) 
10087] Here, 

Ej,: energy per bit 

N 0 : noise power density 




Bn-T 



(21) 



where , 
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I^cpj leakage power affecting interfered wirel ss 
communication as calculated trom interference wave power 

and reduction factor (IKJT) (i^ « 1RF x power P 2 at 
interference wave side) 

C Bn 

Dn-E b /I 3 - 9 • _ • Bn *T (24) 
h k 

[OOOO] C/i 3 is the power ratio (truth value) of the f ol 
component expressed by equation (14) and the 
interroodulation wave component relatinq to f Ql component. 

Bn: rftfiflpt.inn equivalent noise band width of 
interfered wireless communication 

T: time Jength with respect to symbol period 
kz amount of information (bits) per symbol 
r\* sensitivity suppression (truth value) factor as 
calculated from equation (7) 

[0089] 6 is the fixed deterioration of the bit error 
rate arising due to imperfections of the 
transmitter /receiver (truth value) 

d) qpsk Differential Synchronous Detection Error 
Rate Characteristic 

[0090] This is found as about double the upsk absolute 
synchronous detection error rate characteristic. 
BER=erfc (25) 
[0099] Next, the increase in the adjacent leakage 
power due to the interference wave Interiuodulation 
product when the frequency interval of the interference 
wave and interfered wave is narrow in absolute terms will 
be explained. 

[0100] As shown by the broken lines of FIG. 5B, when 
th rftp. times the modulation frequency of the modulated 
wave at the interfering side is broader than the 
frequency interval of the interference wave and 
interfered wave, the inter lex enue wave component causes 
the adjacent leakage power to increase due to the third 
order, distortion of the wireless receiver of the 
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interfered side. 

[0101] If the ratio of the adjacent leakage power 
increasing by this intermodulation product with the power 
of the wireless band of the intorforenco wave is 
designated as it may be expressed as follows: 

XJUF,=-lOxlog[Xin'j+B (dB) (26) 
[0102] Here, B is a constant determined by the 
frequency spectrum distribution of the frequency f^, the 
maximum modulation frequency, the equivalent reception 
hand vidt.h (BW) of the frequency t^, and the frequency 
interval between the frequency f cl and the frequency f^. 
[0103] whftn the frequency spectrum distribution of the 
interference frequency f^ is conctant r if entering 
equation (V, ) into aquation (4), the component (y**) 
resulting from third-order distortion of the frequency 
f v2 component is 

y r ^=-a 3 xg(t) 3 (27) 
[0104] II entering equation (3) into equation (27) , 
the frequency f^ componpnt is meprfififip.d as follows: 

*rlSl£n-l,l*l6aSuJ xcoe{2jd?catie<b)> (28) 

Here^ 

V 2 (k) t k th modulation signal voltage of baseband of 
mobile wireless equipment at LiitviCviiny side 

Af m : modulation frequency interval of baseband at 
interfering oidc 

A0 k : phase of k th modulation frequency of mobile 
wireless equipment ot interfering side 

Afi t ! phase of 1st modulation frequency of mobile 
wireless equipment of interfering side 

A0 m : phase of m-th modulation frcguoncy of mobile 
wireless equipment of interfering side 

Fm»nxAf a s maximum modulation frpqnftnny ot mobile 
wire J ess ot interfering side 

f^; carrier frequency of mobilo wireless equipment 
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of interfering side 

0(t); phase ol carrier frequency of mobile wireless 
equipment of interfering Bide 

[v): range ot product-sum 
[0105] Expressing equation (28) by the A+B+C type f 
A+B-c type, A-B+c type, and a-b-c type by combination of 
the modulation frequencies, expressing tho composite 
frequency of the three modulated waves of the k, 1, and in 
components by L, expressing the composite frequency of 
the two modulated waves of rhe 1 and m components by 5 f 
and converting the modulation frequencies to L, S, and m 

in equation (28), the power with respect to f^L^Af^ is 

expressed by the following: 

P«{*l>- (29) 
A+B+C TYPK 

+3X(-a a *3/4-2R) 9 -2/4- < Pin/Flu) * -l/12-r L a 1 

Here, 11 1 " expresses M or" of the left side condition 
and x-ight aide condition. Namely, the above expression 
means that -Fm<f I ,<0 or 0<f L <Fra is satisfied. 

+3X<-a 3 '3/4-2R)'«2/4. <Pixi/Rtt) a l/6-l/8- <3F*-|f L |) 2 * 2 

2Faus£ 3u < ITm | Fm<£ 1 p2Fx* 
+3x<-a a <6/8-2R)**2/4(Pin/na) ;, -l/16- iti-Vm) * irkTXL-3tz.) -3 
-2tftt£* L <-Ftt I Tm<£ h *2V* 

+3*{-aj*6/8«2R) 2 .2/4- <Pin/*»> 3 • l/3 • 1/16 • (SFm-f*) 2 -4 
-3Snrf T .<-2Fa 1 2Fm<*^3** 

+3x(*-a 3 '6/e-2R) a -2/4- {Fin/Fm) 3 l/16- (3fi*i ff t ) a -5 
-SFB^f^^Fal 2Fra<*V<^Fm 

A+B^C TYPE 

J-3x(-a 3 .6/8-2R) 2 .2/4. (Pin/ttr*) *• 1 /4 (Fm- |*J ) 2 -6 
-Etosf t <0 1 0<f^Fin 

+3x{-* 3 '6/6-2R) 2 -7 
f,=Q 

+3X(-a 3 '6/8-2R)*-2/4' (Pin/Fitt) 3 • 1/4 • {Fm-|fil> 2 -8 
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-Vm<f 1 0<f j.aFta 
A-B+C TYPE 

>3x(-a 3 -6/8-2R) 2 -2/4- (Pin/Pm) 3 - <F*-|f J) ■ I£J -9 
-Fm*£,,<0 1 0<fi^Fm 

A-B-C TYVZ 

+3x (-a s - 6/8 • 2R> * • 2/4 • (Pin/Sta) ' • 1 /4 • (2Fa- 1 £ L | ) * -1U 
-2Fmsf L s-Fml (Bin) (2Fm) 

+ (-a a -6/8-2Rj 2 -2/4- (P.ir»/Fm) ». 1 /4 • -11 
-Fa<f L <0 1 0<£ t <Fm 

[0106 J Applying a a /ai=l/(3/2'HP3'R) and making the 
reception pass band of the frequency f cl BW«Fm, if 
integrating the power (P^) in the range of the power 

*o fci BW/2<f w <f ol +BW/2 by equation (29) and 
dividing the result by the total power of the wireless 
band of the frequency f^ component to find IRF 3 , the 
following is obtained: 

JjRF*«10>aoq(lin s Vl0xlog I (30) 

+l/4X{r&Vn*-r (SW/2) • (BW/2/Fm> 1 

Otff^ffa-BW/2 

+l/16x(BW/2/Eta> • < l*i/lta -3) a +l/3- <aw/2) 3 /*B 3 > -2 
Fa+BW/2a£ L s2F« 

+3/l6x <BW/2/Fit») • { <7-^F ll /Pin) • (fi/Eto-l) - (BW/2) Vita*} -3 
Eta+BW/2£?t£Zn&-BW/2 

U/16x(BW/2/Fa) ■ t (3-£ L /lta) 2 +l/3- (BW/2) Vita 1 ) -4 

23Tm+HW/9<'f Xi <^Pm-HW/2 
+3/16x(fciW/2/Eta) • ( (3-r L /**) '+1/3 • (BIT/2) Vita') -5 

2Fm+BW/2tf£ t ss3F*-BW/2 

+1/24* 13- {£ 1 /JYa-BW/2/Ste> 3 ± {£j?m+BW/2/tox) * (-2 <£ i ynn*BW/2/Pm> 2 +9 {fjT?m+m/?./Fn) -9)3 
Ffc-BW/ 2 <£ t <ftzH-BW/ 2 - 6 

+3/32* [ (r,yra-Bw/2/ra) • { (f^/rm rBw/2/r«o 2 -o <r t /Fiu-Bw/2/na> +7 ) 
2Fa-BW/2<fi<2**+BW/2 + (f,/Ra+BW/2/Slii) ■ (1/3 <f t /*ta*BW/2/Eta)*-3 • ir^nn+HW/2/Jrtn) +9) 

-32/3] -7 - 

+1/6^9- (r L /F«-SW/2/r*0 (9 3(£l/^ DW/2/F«) I1/3(£j./F» -BW/2/Fm) 2 }] -8 
3Rn-BW/2<£ Xl 'C 3 Pm 
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+3/2X (BW/2/Rn) • f ll-f JVm) *+ (BW/2/Em) e /31 -9 
bW/2<ffc***-BW/2 

+3/2xU/3' (BW/2/Efc) • { 3/F&+ (BW/2/Fa) 8 -3 (BW/2/Fm) >+t (BW/2/tm) -l)tf 

osr L <BW/2 -10 
*3/Av[-{£ t /i^n-(PIW/P/T?m) ) + if»./Fm- (BW/2/Ptt) )*+l/3- {fr/Fto-BW/2/Fml V31 

fc*-BW/2s* L <*m+bW/2 -11 
i-axI^/PttCBW/S/Fa) • (f t /lTn) a {DW/2/Ptt) 1/3 (BW/2/Pto) 3 ) -12 

+3/2x< (BW/2/EW «+ a -2/3 (BW/*/**) 3 -2 <bW/2/«Q) 3 ) -13 

o>r X( <3w/2 

*3/2w(l/6-l/3(^yi*»-W/*/^ -14 

Fm-BW/2<f,**to+BW/2 
+3x{l/0 (DW/2/lTa) 3 1 (£ L /Pm) 3 (BW/2/S*) 5 -IB 

+3/4X{ (2-r L /Fm)*{BW/2/Hm)+l/3<BW/2/Fm) ') -1<3 
Rn+BW/2<fL*2Pm-BW/2 

fta-BW/2<3T L <Fto+BW/'2 • (4-2 <r,/Fui+BW/2/F«0 + (f t/FBk+SW/2/Pm) a /3) 3 1? 

+3/4* [4/3- <€ h /ir* • {2- {ff h /^^/2/V^4-l/€(£j^m/2/V2XL) 2 }} -18 

J 

[0107] Hero, the frequency f CA and are norma H 7.«d 

by the input thixd-urUer intercept point IIP3 to obtain: 

a a /a A =l/(3/2«R'TTPl) 

I, 1 -V 1 2 /2/R/(IIP3) 

T l2 =1/2-V 2 V2/R/(IIP3J 

[0100] The dD value of oquationc (30)-l to 18 is the 
constant B of equation (2b). 

[0109] The error rate charactorictic is found by 
making the trf 3 obtained by converting the 1K^ 3 (db 
value) expressed by equation (30) to a truth value less 
than t.tm leakage power value of equations (18), (20), and 

I ACP - ( IRP I IRF 3 ) xrowcr of Interfering Sido P 2 

Here, BW is the frequency band width of thA 
interference signal, Fm is half of the maximum modulated 
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wave frequency band wiilLh of Lhe interference signal, and 

I M means M or" . 
[0110] The following action ie obtained by -the 
Sntfnrf ftrence measurement and evaluation system according 
to the present invention explained in brief above: 
[0111] It is possible to express the correspondence 
with the DER characteristic from the intercept point 
input level (IIP), reception thermal noise, and 
interference leakage power from an adjacent channel as a 
nonlinear characteristic of the interfered reception 
system using equations (7) and (14) oxpressing the signal 
of the riA.qirftri wave input for reception of a modulated 
wave and signal of tho interference wave by a discrete or 
continuous spectrum, equations (16) to (18) expressing 
the delay detection typo simplified error rate 
characteristic, equations (19) to (21) expressing the 
QPSK delay detection typo error rate characteristic, 
equations (22) to (25) expressinq the QPSK absolute 
synchronous detection error rate characteristic, or 
double the bit error rate characteristic of equations 
(22) to (25) for the error rate characteristic of th« 
UPSK differential synchronous detection error rate 
characteristic- Therefore, it is possible to enable 
estimation of the IIP3 of the reception as a whole and to 
more precisely and flexibly provide qualities under 

nonlinear intexfexence from the estimated IIP3- 
[0112] FIG. 6 is a graph of an example of the bit 
error rate characteristic as an example of a line quality 
characteristic under nonlinear interference measured 
using the interference measurement and evaluation system 
shown in FIG. 1 as a t«st. system. In FIG ♦ 6, the curve A 
is the bit error rate characteristic when there is no 
interference, and the enrvfifi R to E show the bit error 
rate characteristic under nonlinear interference when 
gradually increasing and measuring the i nt.rvrf erence wave 
power. The points 61 to 64 are points of the received 
signal level versus bit error ratp. characteristic of the 
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modulated wave signal when converting the ratio D/U ol 
the power D of th desired wave (interfered side) and the 
power U of the interference wave to a constant one. The 
curve F showo the bit error rate characteristic under 
nonlinear interference when making constant the D/u 
estimated by connecting the points 61 to 64. 
[0113] To change the level of the received signal 
while making D/U constant, either only the transmitting 
side variable attenuator 13 is controlled or both the 
tranomitting oido variable attenuator 13 and interference 
side variable attenuator 16 are controlled. This control 
may bo porformod by the interference characteristic 
estimating means 20 or may be performed by other means. 
[0114] In this embodiment, the points 61 and 62 are 
points where the bit error rate satisfies l,3xl0" 1 as an 
example* Tho bit error rate employed may be any error 
rate so long as it is in a region where the nonlinear 
interference is dominant. Note that the gradations 
1.0O£i+00, 1.00E-01, 1.00E-2,... of the ordinate showing 
the bit error rate mean 1x10°, lxlO" 1 , lxiO" 2 .., The lower 
in tho figuro, tho lower the error rate. Further, the 
unit of the level of the normalised received siqnal of 
the abscissa is the decibel (dB)« The further to the left 
in the figure, the luwwi: the received level. 
[0115] Here, the intercept point input level IIP3 of 
the receiving side as a whole in interfered wireless 
communication can be estimated from the following 
equation (32) from the nuxiualiaed received signal level 
I 41 ai 1.3xl0" 2 as an example of the bit error rate at the 
roceivod lovol region near the point 61 where the 
nonlinear interference is dominant and the measured value 
P rl at the bit error rate 1.3xl0~ 2 . 



IIP3-P rl /l i: 
[0116] 

satisfied; 



(32) 



However, the following conditions must be 



1) The bit error rate 1.3x10° near the line 
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connecting -the points 61 and 62 be a region where there 
is no effect from *.h« received noisa power, there* is a 
level difference, and nonlinear interference is dominant. 

2) The bil error rate 1.3xl(T 2 neax* the line 
connecting the points 61 and 62 be a region where there 
is no effect, of the leakage power from the interference 
wave, the error rate of the curve B ia sufficiently low, 
And nonlinear interference is dominant* 

Second Embodiment 
10117 j riG. 7 is a block diagram of the conf iquration 
of an interference measurement and evaluation system 
according to a second embodiment of the present 
invention. In the figure, the difference from FIG. 1 is 
that the reueiviuy side variable attenuator 21 is 
connected between the hybrid composition circuit 17 and 
the interfered diqital wireless equipment 18 iu the 
receiving means* 

r 01181 in this embodiment, by adjusting the receiving 
side variable attenuator 21 , the received level of the 
interfered diqital wireless equipment 18 is couti.ulled 
while making constant the ratio D/U of the modulated wave 
siqnal output inpuL to the interfered digital wireless 
equipment 18 and the modulated carrr.ier s.ignal nn-hpn-h from 
the interfering digital wireless equipment 15. 
[0119] FIG, 8 is a graph nf an Rxample of the bit 
error rate characteristic under nonlinear interference 
measured using the test system shown in t'IG. 7» in the 
figure, the curve 6 shows the bit error rate 
characteristic when there is no interference, while the 
curve H shows the bit error rate characteristic under 
nonJinear interference, in this example, the points 8i 
and 02 on the curve H are points where the bit error rate 

is lxlO* 2 as an example. 

[0120] Here, the intercept point input level ITP3 of 
the receivinq side as d whole in interfered wireless 
communication can be estimated from the following 
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equation (33) from the normalized received signal level 
I 14 at a bit error rat- of 1(T 2 as an xample at the 
received level region where the nonlinear interference is 
dominant and the measured value V tx at the bit orror rate 
10 $ . 

iii^-p^/i^ (33) 
[0121] However, the following conditions must be 
satisfied: 

j) The bit error rate lo~ a near the line connecting 
the point9 81 and 82 be a region where there is no effect 
from the received noise power, there is a level 
difference, and nonlinear interference io dominant, 

2) The bit error rate 10" 9 near the line connecting 
the points 81 and 82 be a region where there ie no effect 
ot the leakage power from the interference wave, the 
orror rate of the curve G ie sufficiently low, and 
nonlinear interference is dominant. 

Third Embodiment 
[0122] in the present embodiment , the variable 
attenuator 13 and interfering modulated signal generator 
14 shown in FIG, 1 or FIG. 7 are adjusted or the 
roceiving side variable attenuator 21 is adjusted to 
lower the input level of the receivinq means while 
maintaining the D/U constant so as to estimate the 
recep-clon thermal noise characteristic. 
[0123] FIG- 9 and FIG. 10 are views of the thermal 
noise characteristic under nonlinear interference 
measured using the i nterf arance* wave power as a 
parameter. FIG. 9 and FIG. 10 are graph9 substantially 
the same as FIG. 6 and FTG. H . The difference is that in 
FIG. 9 and FIG. 10, the received level is lowered and tho 
receiver therm* V noi se 1s estimated trom the received 
level of the reyion where thermal noise is dominant where 
an increase in the bit orrnr rate due to the receiver 
thermal noise would become a problem. 

[0124] Explaining this using FIG. 10 as an example, 
the measured reception Lherraal noise (Pn (unit; dD^) ) is 
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estimated as follows based on Lhe normalized received 
lcvol l i0 (dB) (not shown) determined from the received 
noise power , the level of the noxiiialiaed received level 
l xx (dB) dotormined under nonlinear interference at the 
point: 82 where the line of the bit eixui xaue 10" 2 of an 
example of the bit error rate at the received level 
region where the nonlinear interference is dominant 
intersects the curve H in the region of a low receiving 
level where the thermal noise would inter lere with the 
inherent received signal, and the level difference 
showing the same bit error rate tested at a line quality 
test system: 

P^(Iii+«P3)-A-D (34) 

[0125] Here, A io the difference (A aas P B -P A ) between the 
measured received level P p giving the bit error rate 10" 3 
and the measured received lovol P A giving the bit error 
rate 1(T* at the curve G when there is no interference , 
while D is the fixed deterioration showing the difference 
between the received level and theoretical value when the 
bit error rate characteristic 10" a at the curve G when 
there is no interference* 

Fourth Embodiment 
[0126] FIG. n is a block diagram of the configuration 
of an intcrferenco measurement and evaluation system 
according to a third embodiment of the present invention. 
In the figuro, the difference from FIG. 7 is that a 
frequency conversion circuit 22 lor changing Lhe 
frequency of the interference wave is connected between 
the interfering digital wireless equipment 15 in the 
nonlinear interfering means and hybrid composition 
circuit 17. This frequency conversion circuit- 22 is 
comprised by a mixer circuit , a frequency shift local 
oscillator/ a splice signal removing band pass filter , 
etc. 

[0127 J The frequency conversion circuit 22 can change 
the generated frequency of the frequency shift local 
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oscillator. 
[0128] I 



In the present embodiment, the carrier 



frequency of Lhe interference wave is changed so as Lo 
estimate the reception equivalent band limitation of the 
receiving bide as a whole front the receiviuy sidw input 
level versus reception error rate characteristic of the 
modulated wave signal, 

[0129] FIG. 12 is a graph of an example of the bit 
error idte characLerisLic under nonlinear interference 
measured using the interference measurement and 
evaluation system shown in FIG, 11. In the figure, cuive 
I shows the bit error rate characteristic when there is 
no interf ereuue, curve J shows the bit error rate 
characteristic under nonlinear interference when the 
carrier frequency of Lhe inLerferiny diyiLal wireless 
equipment does not cause attenuation at the initial band 
pass characteristic of the interfered digital wireless 
equipment, and th« nirvA T, shows the* hit error rate 
characteristic under nonlinear interference when the 
carrier frequency of the .interfering digital wireless 
equipment causes more attenuation at the initial band 
pass characteristic ot the interfered digital wireless 
equipment ♦ 

[0130] The IIP3 of the receiving side of the 
interfered wireless communication device is found by the 
tollowing equation (35) from the received level i 4 i(D at 
the bit error rote 10" 2 as an example of the bit error 
rate near the received level region where nonlinear 
interference is dominant when the carrier frequency of. 
the intertering digital wireless equipment does nor cause 
attenuation at the graph J showing the initial band pace 
characteristic of the interfered digital wireless 
equipment and the measured value P rl of the power at the 
bit error rate 10~ a . 



IIP3-P n /I 4; 
IU131J 
oatisf icds 



However, the following conditions must be 



(35) 



18. Aug. 2003 17:41 A. Aoki, hhidal 61-3-5470-1911 



NO. 5438 P. 38/68 



- 34 - 

1) The receiving region of a bit error rate of i(T fl 
be a region where thoro is no effect from the received 
noise, power, there is a level difference, and nonlinear 
interference is dominant. 

7) The receiving region of a bit error rate ul 10" 2 
be a region where there io no effect of the leakage power 
from the interf erenr.e wave, the error rate of the curve J 
is sufficiently low, and nonlinear interference is 
dominant „ 

[0132] Regarding the attenuation with rospect to the 
carrier frequency of any interfering digital wireless* 
equipment, if the frequency intorval between the center 
frequency of the interfered digital wireless equipment 
and center frequency of the interfering digital wireless 

equipment is made Af(2) for the curve K and is made 
AI(3) for the curve L, the equivalent attenuation at the 
initial band pass characteristic may ha found from the 
following equations (36) and (37) from the normalised 
interfering levels X iA (2) and 1^(3) at the bit error rate 
10- a : 

L(2)«I iA (l)-I t2 (?) (36) 
L(3)=I n (l)~I 12 (3) (37) 

Fifth Embodiment 
[0133] In this embodiment, tho interference 
measurement and evaluation system shown in FIG. 1 is used 
to estimate the reception equivalent leakage power which 
the interference wave of the receiving side as a whole 
has on the receiving side or interference reduction 
factor from the receiving side input level veisus 
xeceiving error rate characteristic of the modulated 
carrier signal. 

[0134] FIC. 13 is a graph expressing the equation of 
the bit. error rate characteristic under nonlinear 
interference measured using the interference measurement 
and evaluation system shown in Kici. 1 by the D/u (truth 
value) and showing an example of tho bit error rate 
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characteristic under nonlinear interference* A curve 
substantially the eamo as PIG. 10 is drawn. 
10135 J in FIG. 13, the curve G shows the bit error 
rate characteristic when thore is no interf ©rones, while 
the curve H shows the bit error rate characteristic when 
the D/U under nonlinear interference is constant- The 
point. Ill on the curve H is the point where the bit error 
rate characteristic shows the boot value. The normalized 
received signal level is 1 A1 {4). 
[0136] If setting 

(D/lJ)-!^/!^ (38) 
il«20xlog| l-I 14l -2'I tx /(D/U) | (39) 
(0137) Further, 

C/J3-20xlog | {l-I u -2 • X u / (D/U) }/{I ix / (D/U) > | -3dB ( 40 ) 

[0138] As an example , as a delay detection type 

simplified error raLe characteristic, 
BER=l/2xexp(-p/2) (41) 
Ln(2xBBR)=-p/2 (42) 

10139 J Were, if the siqiial-to-noise power raLio is p, 

p become as in the following equation: 

p=l/{l/(iT5'C/P li ) + l/(TTfi-C/I ACP ) + l/(Ti'5-C/l !> )> (43) 
f 01401 Here, if Lhe leakage power IACP is expressed by 
the ratio (IRF) between the leakage power ot the 
interference wave and Lhe initial band pass level of the 
adjacent interfered digital wireless equipment, 

p»l/{l/(Ti*6*C/P w )+l/(TT6-C/llJe3/IRF/l^) + l/(T|-6*C/lO} (44) 
(0141] If the normalized interfered wave level at the 

best value of the bit error rate whoa making D/U constant 

is I ixr using Aquation (38): 

p»l/[l/(Ti-5-C/P |4 ) + i/{TT (5'lVu)/lRF}+l/{Tr5-C/l 3 >l ( 4 5) 
r 01421 From equation (42) and equation (45), 
-l/2/Ln(2xBBR)«l/(r|-S-C/P I ,)+l/{T).5' (D/U) /IRF} + l/{Tpi5»f!/T a ) J (46) 
[0143] From equation* (46), 

T*F={Tvfi. (n/U)x[-l/2/Ln(2XBliH)-l/{TT8*C/P v )-l/{TT6'C/l,>l} (47) 
[0144] The 1 akage power ratio IRF is found using the 
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above equations (38), (40), and (47) from the received 
signal level I u of tho normalised interfered signal at 
the best value of the bit error rate when making D/U 
constant and the noioc power (P s ) of the interfered 
digital wireless equipment.. 

[0145] Hcrc r Ln( ) indicates the natural log (bottom 
"ft u ). 

[0146] However, the point 111 showing the best bit 
Rrrnr rate is the region where there is no effect from 
the nonlinear interference and received noise power on 
the curve H ot the constant D/U ratio, there is a level 
difference, and the leakage power io dominant. 

Sixth Embodiment 
[0147] In this embodiment, an error rate 
characteristic test system for measuring the wireless 
communication lino orror rate under interference of the 
fifth embodiment is used to estimate the receiving side 
reception cquivalont leakage power or interference 
reduction factor for the offset frequency of the 
modulated wave signal and interference signal from the 
receiving side input level versus reception error rate 
characteristic of the modulated wave signal with respect 
to the offset frequency of the modulated wave signal 
changed in the carrier frequency of the interference wave 
and the interference wave. 

[0148] FIG- 14 is a graph expressing the equation o£ 
the bit error rate characteristic under nonlinear 
interference measured using th« test system shown in FIG. 
7 by the D/U (truth value) and showing an example of the 
bit error rate characteristic under nonlinear 
interf erence corresponding to the frequency difference of 
the interference signal and interfered signal (offset 

frequency Af a ) , 

[0149] In FIG, 14, the curve M shows the bit .error 
rate characteristic when there is no interf erenr.*, while 
the curve w shows the bit eri.u± rate characteristic when 
the D/U undor nonlinear interference is constant. The 
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point 111 on the curve H is the point where the bit error 
rate characteristic shows the boot value. The normalized 
received signal level is i iX (4). 

[0150 J The normalized interfered wave rcccivod signal 
level of the best value of the bit error rate at the rime 
ot making the u/O constant for the offset fxequency Af 2 
of th« interference wave is I lx lAf x ) and the noise power 
of the interfered digital wireless equipment ia (r K ), co 
IRF (Af, ) is found from equation (47) using equations 
(38) , (39) and (40)- in this case, the effect of the 
leakage power is relatively small - 

10151) Further/ the curve 0 in FIG. 14 shows the bit 
error rate characteristic under nonlinear interference 
when the offset frequency of the interference wave is Af 2 

smaller than Af x . The point 142 is the point where the 
bit error rate characteristic in that case is the beet 
va.lue- ThA normalized received signal level is l Ai (2). 
Tjip 'le&akagfc power ratio IRF (Af») becomes larger than IRF 
(AfJ. 

f0152] In this case as well, the leakage power ratio 
IRF (Af*) is found in the same way as above. IRF (A£ 2 ) 
becomes larger than IRF (Af x ). 

[0153] Further, tho curve P in FIG- 14 shows the bit 
error rate characteristic under nonlinear interference at 
the offset frequency AI 3 smaller than Af 7 of the 
interference wave. The point 143 io tho point of the best 
value, ot the bit error rate characteristic. The 
normalized received signal level ia Ia(3)» 
[0154 J In this case as well, the leakaqe power ratio 
T"RF (Af 3 ) is found in the same way ay above. IRF (AfO 
hRnomftf; larger than IRF (Af a ) • 

r 01551 However, the points 141, 142, and 143 ohowing 
the best bit error rate preferably are regions where the 
leakaqe powex of a level difference of no effect from the 
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nonlinear interference and received noise power on Ihe 
curves N, O, and P where the D/u ratio is made constant 
is dominant* 

Seventh Embodiment 
[U1S6] in the present embodiment, in the same way as 
in the cixth embodiment, the reception equivalent leakage 
power ot the receiving side is estimated for the offset 
frequency of the modulated wave signal and interference 
signal, but when the received signal level measurement is 
discrete , IIF3 and t» n arc given , but tho receiving side 
input level versus received error rate characteristic fox 
the D/U ia only obtained diccrctcly, but in this case as 
well, it is possible to approximate the input level at 
tho boot value of the receiving side input level versus 
reception error rate characteristic and estimate the 
reception equivalent leakage power or the interference 
reduction factor. 
[0157] From equation (47), 

-i/2/Ln(2xBER)*l/{n-5-C/P^)+l/{T)*8MD/U)/IT?F}+1/{T|*ft«r7T a ^ <4U) 



[0158] Here, 

(D/U)-I iX /I ia (49) 

TTll. I m 2.I U /(D/U)] 2 (50) 

C/l3-l/2x[l-l ix -2«X tl V(D/U) a J 2 (51) 



[0159] Tt riesi gnating the receiving side input level 
when measuring the bit error rate charactcrietic I iX (l), 
T Ajl (2),... In(n) and the bit error rate at those times 
ber(l), ber(l),... ber(n) and using polynomial 
interpolation as an example o£ approximation, 

eiSK(r)= t>er(l)XI* 1 (x)Tber(l)xl 42 (r) + - • Utit(l> *I* <*> (52) 
[0160] Here, 

x (r)= (r - r.)- jr - ri . i)(r - r. > - (r - r»)_ 
1 (ri - rx)- (rj. • n - i) {xi rx - i)« • -(ri - r<>) 

r h -X u (k) 

10161] If differentiating the bit uxor rate by n y n 
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when D/U is constant, the minimum value is 
d 

O d[trer (1) *L X (r) +ber (1) *I# 2 (x) i bear (1) kX* (r) ] 

dr 

[0162] From the above, "y" is found, BER(r) is found 
from equation (52), and IRP is found by entering equation 
(50) and equation (bi) into equation (48). 
[01C3] The present embodiment can also be realised by 
the int.erf ftrpnep. evaluation system shown in FIG. il. in 
FIG. 11/ the interference evaluating means 20 collects 
information from the variable attenuators 13, 16, and 21 
and the frequency conversion circuit 22, enters the bit 
error rate of the error rate measuring devir.e 19 as data r 
and uses the algorithm shown in the present embodiment to 
specify the input, level ot the best value for the 
discrete offset frequency and estimate the reception 
equivalent leakage power or interference reduction 
factor. 

Eighth Embodiment 
[0164] in the present embodiment, it ic made possible 
to estimate the line quality characteristics of a 
receiving mcano for the level or offset frequency of the 
interference signal of any signal using the nonlinear 
interference theoretical value or theoretical curve. 
[0165] That is, a means is provided for enabling 
cotimation of tho nonlinear interference characteristic 
from the region where the nonlinear interference is 
dominant for any offset frequency, estimation of the 
reception thermal noise from the iif3 as the reception 
performance and region where the reception thermal noise 
is dominant * estimation of the interference reduction 
factor of the interference signal from the reception 
thermal noise as the reception performance and the region 
where the adjacent power is dominant, and estimation of 
the bit error rate under nonliuear inter Terence fox* any 
offoet frequency signal and input power level of the 
interference signal from the known interference reduction 
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factor using equations (7) and (14) and using equations 
(16) to (18) expressing the delay detection type 
simplified error rate, equations (19) and (20) expressing 
the QrSK delay detection type error rate, equations (22) 
and (23) expressing the UJeSK absolute synchronous 
dotoction error rate, or double tho bit error rato 
characteristic of equations (22) and (23) for the bit 

error rate charactcriatic of the QPSK differential 
synchronous detection error rate characteristic • 

ninth Embodiment 
1 0166 j in the present embodiment, even if the measured 
values of the receiving side input level and reception 
line quality characteristic linked with the nonlinear 
interference theoretical curve are discrete, it is 
possible to estimate the nonlinear interference 
characteristic for any offset frequency, automatically 
estimate the adjacent leakage power etc., and estimate 
the line quality charactcriotic. 
[0167 J If the receiving side input level when 
measuring the bit error rate characterietic is C 1# C 2f . . . 
c n and the thermal noise of the reception system is Fn, 
the bit error rates at that time are ber A , ber 2/ . . . ber n , 
so usinq polynomial interpolation as an example of 
approximation : 

BER ( r ) -bar ^xl^ ( r ) +ber ^xl^ ( r ) + • • • ber fi xL n ( r ) (53) 
L 0168 j Here i 

, (r - riY (r - r t ■ j <r - r t . ■ -(r - r a ) 

Ija ( r j - ■ 

(n - ri)* in - xi - i) (n - ri . i)- • *(r* - r n ) 

Xi^d /Pn 

[0169] In general , using equation (17) and equation 
(18), 

p-A 2 /2/50/o 2 (54) 

0 7 i noise pov/fcii 
[0170] If the received power of the frequency f cl i3 
C, the sensitivity cupprcooion factor ie r\ 9 and 5 is the 
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fixed parameter , p becomes the following equation- 

p^l/{l/(T 1 .8-C/P N ) + l/(Ti-6-C/l AC p)+l/(T 1 -5-C/I3)} (55) 

1 Oth Embodiment 
[0171] In Lhis erabodirnen L , Lhe nonlinear interference 
characteristic of the receiving side as a whole is 
estimated based on the receiving side input level versus 
reception line quality characteristic of the modu]ated 
carrier signal and the received levels at the region 
where the adjacent, power is dominant and the region where 
the received thermal noise is dominant. 
[01 72] FTG. 15 is a graph of the bit error rate 
character is Lie under nonlinear interference in a 10th 
embodiment- In the f.igure, the curve Q shows the hit 
ex'iur x'cite chdidcteiiBLie when there is no in Ler Terence f 
while the curve R shows the bit error rate characteristic 
when making Lhe inLerference power larger. As shown in 
the figure, in this case, data is not obtained in the 
region where the interference power is dominant. In this 
embodiment, the noniinp.ar i nterterenna r.haracteri st.in ot 
this unknown region is estimated by the following 
technique. 

[0173] Prom equation (56) , 

-l/2/Ln (2xBER) =1/ <t] • ft « C/F*> +1/ (l\ • 6 • (D/U) /IRF> +1/ it\ • 6 • C/X*> (56) 

[0174] neve, 

(H/UJ-T^/T^ (57) 
Tl= [ l-I u -2 • I u / (D/U ) j 2 (58) 
C/I 1 -l/2v[l-I il -2-T 11 a /(n/U) 2 ] 2 (59) 
[01751 When D/U is constant and c/PN and D/u/IRF die 
known, equation (56) is found from equation (60) 
-l/2/Ln<2xBER)«l/ti><6 3 c^C/P % ,)+l/(Tix6 Y {D/U)/IRFl+l/f <nxkx(C/I,) ) (60) 
From the equation (60)/ equation (58)/ and equation (59), 
the reception signal level 1^ is determined. 
[0176] If considering the fact that this io not a 

nonlinear region , r\ is set as " 1" and equation (60) 
becomes as follows using equation (59): 
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C/I 3 = j ^ ^ (61) 

~ 2 Ln(2 x DER) ~ (5-C/r») ~ (8D/U)- IRF 

| * [ 1 -Iii-2 • I ii'V ( b/ V ) * l »- 

2 1 



2' Ln ( 2 v BER ) (8-C/Pi.) (8-n/TT)- T*F 

(62) 



[l-I ll -2-I li 2 /(D/U) 8 ]- 



2-i.n(2 x BER) (3-C/P„) (6-P/WIRF 



(63) 



- 1 + 1 + 8 / (D/U) 4 x [1 - 



1 



1 



-1 



2«Ln(2x BER) (S-C/P„) (S-D/U)* IRF 



{d/(D/U)*> 

(64) 

[0177 J I£ making the measured value Pr, IIP becomes 

TTP3=P V /Ti 1 (6b) 
[0178] Summarizing the effects of the invention, as 
nlp.ar from the above explanation, according to rhe 
present invention / since an intorforence measurement and 
evaluation system using a nonlinear interference 
theoretical curve linked with a received line quality 
characteristic so as to estimate the reception 
characteristics under nonlinear interference, estimate 
the reception thermal noise characteristic, estimate the 
ratio between the third-order distortion coefficient a 3 
and first-order distortion characteristic due to 
nonlinear interference or third-order intormodulation 
(HP3), estimate the reception pass band characteristic, 
and estimate the leakage power from an adjacent channel 
is provided, it becomes possible to take measures against 
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d terioration of the line quality due to nonlinear 
interference. 

[0179 J WhiJe the invention has been described with 
reference to specific embodiments chosen £or purpose ol 
i I lustration , it should be apparent that numerous 
modifications could be made thereto by those skilled in 
the art without departing from the basin cnncp.pt and 
scope of the invention. 



